Aim: Tumour budding (BD) is considered a valuable prognostic factor in colon cancer (CC), but its use in daily practice is uncertain. We investigated the prognostic effect of BD using preoperative biopsy specimens in a fairly homogeneous population.
Introduction
Colon cancer (CC) is one of the most common cancers in the western world and approximately one-third of patients have early -stage (pN0) disease [1] . Currently, prognosis estimation in CC is performed by the TNM system, which combines histopathological and clinical findings [1, 2] . The TNM staging system is widely accepted worldwide, relatively easy, reproducible, and groups patients according to different progress risks [3] . However, even in this system, it is difficult to predict the clinical course individually. This is especially true for early -stage CC patients with a poor 5 -year prognosis in approximately 20 -30 % of patients [4] . Currently, the routine use of adjuvant chemotherapy in this patient population remains unclear.
Furthermore, the present risk factors are insufficient to select the ideal patient for adjuvant therapy in this patient population. Therefore, additional prognostic markers are needed for better clinical management [5] .
Tumour budding (BD) is defined as the presence of individually and / or in small groups of tumour cells at the invasive front [6] . Many authors think that BD is the first step in epithelial -mesenchymal transition, lymphovascular invasion, lymph node metastasis, and distant organ spread [6, 7] . Also, several studies have reported that an increase in the number of tumour buds in CC is associated with poor prognosis [8] [9] [10] [11] [12] [13] [14] . In addition, the International Tumor Budding Consensus Conference Group recommends that BD be added to high -risk factors in CC [12] .
Therefore, this parameter can be a promising index for the detection of high -risk patients in early -stage CCs. However, BD -related studies in the literature show many differences in methodology and few studies have investigated only earlystage and preoperative biopsy [8] [9] [10] [11] [12] [13] [14] .
In this retrospective cohort, we investigated the predictive value of BD on tumour progression in early -stage (pN0) CC. The distinctive feature of this study was that it represented a fairly homogeneous population and used a standard methodology.
Materials and Methods
This study was designed according to the recommendations of REMARK [15] and was summarized in Figure 1.
Ethics statement
This study was approved by the Kirikkale University Health Research Ethics Committee. During this research, attention was paid to comply with the 1964 Helsinki Declaration and the ethical standards of the institutional/national research committee. Informed consent was obtained from each patient and all patients were informed about the content of the study.
Data Sources
This study was performed at a single university hospital in Kırıkkale, Turkey. A total of six hundred and fifty -six patients operated for CC between 1997 and 2013 were included in the study.
Patients
Retrospective clinical data of the patients were obtained from the archival records of Kırıkkale University. Patients with distant / regional metastasis were not included in this study. Also, patients with multiple tumours, secondary tumours and death / recurrence within 1 month were excluded from the study. Exclusion criteria are summarized as follows: diagnosed with another cancer before / during primary CC (n = 9), without tumour block in archives (n = 8), inadequate tissue for examination (n = 7), stage IIII and IV disease (n = 530), pN0 disease was not identified in new sections (n = 15), received adjuvant chemo -radiotherapy (n = 5). Finally, the study population consisted of eighty -two patients.
Samples
Formol -fixed paraffin -embedded tumour specimens were collected from the archives of Kırıkkale University Department of Pathology. The number of blocks obtained was between 3 and 16 per patient (n = 414, mean = 5.4). Two blocks were selected, one from the preoperative biopsy material and the other from resection materials. For immunohistochemical (IHC) study, attention was paid to the presence of adjacent normal colon tissue and sufficient tumour tissue in the selected blocks.
Four 4 -micron thick sections (n = 328) were cut from each block, two of them stained with hematoxylin and eosin (H & E), the rest stained with IHC. Pathological evaluation of the primary tumour was performed according to the American Joint Cancer Classification Committee [17] . All sections were evaluated separately by three experienced pathologists and the final value was given according to the average of these observers.
Evaluation of BD
A bud is defined as a small cluster of adenocarcinomas of up to four cells [16] .
The number of tumour buds was visually noted by conventional microscopy (Nikon Eclipse E600, Nikon AG Instruments, Switzerland).
Firstly, we scanned all slides using an x10 objective to see the distribution of the tumour buds. Within the field of view, an area containing predominantly tumour buds was selected. It was ensured that the selected buds were present at all borders in this selected image area. Subsequently, BD was separately noted in 10 highpower fields (HPF) according to the methods described above (Figure 2 ). Finally, all cases were divided into two groups as high -density and low -density according to the optimal cut -off value for survival.
To avoid false IHC staining, adenocarcinoma cells were excluded from the counting unless a clearly defined blue hematoxylin -stained nucleus was present. In sections with less than 10 HPF areas (n = 6), all available HPFs were counted and the final number was given according to the average of these areas.
Optimal evaluation method
One of the most important difficulties in achieving successful results in diagnostic tests is to decide the optimal evaluation method. Many different methods have been used in the literature to evaluate BD [8] [9] [10] [11] [12] [13] [14] . This study was based on two successful methods, model A and method 1 [17, 18] . Model A recommends using the hot spot area, deepest invasive block, invasive margin. Method 1 recommends the use of immunohistochemistry (IHC) staining, x20 objective, and quantitative counting.
Also, the optimal cut -off value for a test in clinical studies is usually determined by ROC analysis. The best cut -off value is the value with the lowest false positive rate and with the highest true positive rate. Since the area under a ROC (AUC) curve is usually a measure of the usefulness of a test, a larger area (AUC → 1) means a more useful test [19] .
Reproducibility of BD
The reproducibility of the study was evaluated by the following parameters, interobserver agreement and heterogeneity of the tumour. To evaluate these parameters, three independent pathologists scored BD without knowing the clinical and pathological information. The agreement between the observers was investigated by calculating the weighted and simple Kappa value (ĸ). ĸ value is a ratio of variance indicating interobserver agreement and was classified by Landis et al. [20] as significant, moderate and excellent for values of 0.41 -0.60, 0.61 -0.80, and 0.81 -1, respectively. Intra -and inter -tumoural heterogeneity was determined by the Intra -Class Correlation (ICC) test [21] . ICC was considered to be a ratio of the total variance that showed the difference between the tumours examined. If the majority of the variation is due to inter -tumour variation, e.g. heterogeneity, ICC will be low (ICC → 0), and if the majority of the variation is due to intra -tumour variation, e.g. biological variation, ICC will be high (ICC → 1).
Patients follow-up
In this study, survival and recurrence rates were evaluated for outcome measures. 
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Statistical Evaluation
Percentage and frequency were used for categorical variables, and range, mean and standard deviation (SD) were used for continuous variables. Chi -square test was used for the relationship between clinicopathological features and BD. While analyzing the continuous data, Wilcoxon signed level test was used to examine whether there was a difference between these data and Spearman correlation analysis was used to examine whether there was a correlation. As described above, the optimal cut -off value associated with survival was evaluated by the ROC analysis, the heterogeneity of tumours was examined by the ICC test, and the interobserver agreement was investigated by the ĸ test. The difference between univariate survival groups was evaluated by Log -rank test and survival curves were presented by Kaplan -Meier method. Multivariate survival groups were evaluated by Coxregression model with a 95 % confidence interval (CI) and a hazard ratio (HR) of 1.0.
All tests were two -sided and P -values less than 0.05 was considered significant. SPSS 21.0 (IBM Institute, North Castle, USA) was used in the analyzes.
Results
Patients
The mean of age and size were 72.48 ± 8. 
Scoring of BD
In BD screening, the distribution of buds was not homogeneous on the slides. One independent section with a good bud homogeneity level was selected from preoperative and postoperative biopsy samples. The mean of BD numbers was 7.37 ± 4.84 for the biopsy and was 7.98 ± 5.24 for the resection, respectively. Representative images for BD counting were shown in Figure 2.
Optimal evaluation method
BD was scored separately using model A and method 1 as described above. When the results were examined, there was a good relationship between BD (biopsy) and poor prognostic parameters (lymphatic invasion [p = 0.008], perineural invasion [p = 0.041], advanced pT [p = 0.012], invasive margin [p = 0.008] and margin involvement [p = 0.019]) (Table 1) . Also, when continuous data were analyzed, the correlation between BD (biopsy) estimates was quite high (R = 0.696, p < 0.001) and the difference was quite low (R = 0.321, p < 0.001) ( Table 2 ). In addition, the cutoff value for BD (biopsy) was useful (ROC: 10.37; AUC = 0.746 [0.663 -0.829]) ( Figure 3 ). For convenience, this value was considered as 10 and all samples were divided into two groups using this value.
Reproducibility of BD
The analysis was performed for both categorical and continuous variables and similar results were found. Therefore, only the best results were given here as an example. The reproducibility of the study was evaluated as follows:
Agreement of observers:
In general, the inter -observer agreement ranged from moderate to significant and was clinically useful (ĸ = 0.68 -0.73). We also found that the interobserver agreement for BD (biopsy) was slightly lower than BD (resection) ( Table 3) . This was a finding we expected. Because a smaller area was examined in the biopsy material compared to the resection material.
Heterogeneity of tumour:
In general, the majority of the variation was due to biological differences between tumours. For example, an ICC count of 0.677 means that 67.7 % of the total variance is due to inter -tumour heterogeneity. Also, ICC values of BD (biopsy) were slightly lower than BD (resection). This can be explained as follows. As more areas of the tumour were examined, heterogeneity was higher in resection materials (Table 3 ).
Follow -up events
Twenty -seven patients died (high BD, n = 25; low BD, n = 2) during the 16- year follow -up and twenty -nine patients recurred (high BD, n = 26; low BD, n = 3). Also, twelve patients had LR (high BD, n = 10; low BD, n = 2) and ten patients had DR (high BD, n = 8; low BD, n = 2). Five -year RFS and OS ratios were 71 -73 % in high BD (biopsy) patients and 95 -95 % in low BD (biopsy) patients, respectively. Also, five -year LR and DR ratios were 18 -16 % in high BD (biopsy) and 6 -7 % in low BD (biopsy), respectively (Table 4 ).
Univariable survival analyses
In univariate analysis, significant differences were observed between BD (biopsy) and survival groups for RFS (p = 0.001), OS (p = 0.004), and LR (p = 0.032). Also, pT -stage and margin involvement were significantly associated with poor RFS and margin involvement was significantly associated with poor OS ( Figure 4 ).
Multivariable survival analyses
In multivariate analysis, high BD (biopsy) was an independent worse prognostic parameter for RFS (HR = 1.53 [1.14 -2.80], p = 0.015), OS (HR = 1.44 [1.17 -2.75], p = 0.032 ), and LR (HR = 1.59 [1.05 -2.76], p = 0.045). Margin involvement was another parameter that was significantly associated with poor RFS (Table 5 ).
Discussion
In this study, we investigated the prognostic effect of BD in early -stage (pN0) CC patients who underwent surgery after the preoperative biopsy. Our results show that the evaluation of this factor in preoperative biopsies is useful in predicting prognosis. We also found that the use of model A and method 1 is beneficial in the evaluation of BD.
For preoperative biopsy specimens, BD has been shown to be a poor prognostic factor. For example, Morodomi et al. [22] showed that the budding number was associated with lymph node metastasis in rectal cancer patients. Giger et al. [23] examined preoperative biopsies and corresponding resection specimens in colorectal cancer patients and confirmed these findings. Rogers et al. [24] demonstrated the predictive power of BD for nodal metastasis in rectal cancer patients treated with neoadjuvant therapy. However, these studies are quite different in terms of both assessment methods and study populations. In this study, we found that BD is an independent prognostic factor for poor RFS, OS and LR. Also, the population consisted of only early -stage patients (pN0) and only CC patients. In addition, to increase the homogeneity of the population, patients treated with adjuvant chemotherapy and known to have secondary malignancy were excluded. In other words, in contrast to other studies, we selected our patient population to be highly homogeneous.
For resection specimens, many early -stage CC studies in the literature have shown that high BD is associated with worse prognosis [25] [26] [27] [28] [29] [30] . Also, a few studies have found no prognostic significance [31] . The main reason why this prognostic marker cannot be fully integrated into pathology reports is the lack of a standardized evaluation system [25] [26] [27] [28] [29] [30] . A different feature of this study is that it provides a standard approach to pathological evaluation. That is, two standard evaluation methods were used in this study. Briefly, histopathological evaluations can be divided intra -biopsy evaluation (section, area and focus) and extra -biopsy evaluation (staining, magnification and counting). Model A [17] was used for intra -biopsy evaluation and method 1 [18] was used for extra -biopsy evaluation. And both of these methods yielded successful results. Therefore, unlike other studies, our study was quite standard in terms of methodology.
There are different findings regarding the ratio and mean value of BD in publications. In general, high BD rates of 19 % to 45 % [8, 32] and mean bud values of 7.11 to 8.05 [25, 32] have been reported. For example, Koelzer et al. [25] reported a high BD rate of 30 % and an average of 7.11 buds. We found a high BD rate of 65 % and an average of 7.37 buds. These differences can be explained by the heterogeneity of tumours and the variety of evaluation methods. In the following paragraph, we will discuss the heterogeneity of BD. As for the differences in evaluation methods, we used two successful standard methods described above in this study. Also, we calculated BD in 10 HPFs, and this method can change the average number. In addition, we have only counted BD cells with a clearly identifiable blue nucleus, so the results may have changed due to this counting rule.
As a result, we believe that the differences arise from the variability of the methods, and we recommend the above -mentioned standard counting technique for future studies.
In the literature, the issue of heterogeneity of CC is considered a serious problem [33, 34] . For example, Mesker et al. [33] reported that the deeply infiltrated tumour sections in the bowel wall had the lowest tumour cells and recommended the use of the highest pT -stage histological section in the evaluation of the primary tumour. In this study, we used the deeply infiltrated tumour section and we found that the heterogeneity of BD was significantly higher among different tumours. We believe that this problem can be overcome by the two standard methods mentioned above.
Also, it is understood that different technical approaches can provide a higher degree of precision and accuracy. In future studies, the heterogeneity of CC needs to be further investigated methodologically.
The current consensus in the literature suggests that BD should be evaluated using H & E [11, 12] . However, there are also studies reporting that evaluation of BD with IHC increases detection rates and interobserver agreement [25, 35] .
However, it is not clear whether the evaluation by IHC is prognostically different from the evaluation by H & E. In our study, although the evaluation was mainly made with IHC stained sections, we also evaluated the H & E stained sections at some stages of our study. One of the challenges of using IHC was as follows. Some cell types other than malignant adenocarcinoma cells also showed reactivity with IHC, e.g. cells of vascular neoangiogenesis. One of the difficulties in using H & E was as follows. Many different structures had a budding -like appearance, e.g. disintegration of tumour glands secondary to intense inflammation. As a result, more comprehensive studies are needed for standardization of staining methods.
There are many important aspects of our research. A good parameter recently discussed in numerous large studies was presented. Our population was quite homogeneous because it was based on a well -characterized cohort of early -stage (pN0) CC patients without adjuvant therapy. Two well -standardized pathological methods were used in this study. And all stages of this study were designed according to the REMARK guidelines.
Our study had some limitations. First, it was impossible to overcome the sampling difference since the tissue under investigation was sampled for diagnosis previously.
We have evaluated many different areas of a tumour, but we know that this was only a small part of an entire tumour. Recurrence and death data were obtained from archive records and individual patient records were not evaluated. Also, since patients were treated according to protocols before 2013, there may be differences with current treatment protocols.
Conclusion
Our results confirm the predictive value of BD in CC patients. At least hypothetically, BD can predict the need for chemo -radiotherapy in early -stage (pN0) patients in preoperative biopsy specimens. We also recommend using model A and method 1 for more successful results in future studies. We have scanned all slides using an x10 objective to identify areas with the highest and lowest buds. We chose an area containing mainly tumour buds within the field of view. Tumour buds were present at all borders of the selected image area. We scored BD (asterisks) separately with the two methods mentioned above in 10 high power fields. Finally, we divided the cases into two groups as high BD (a -b -c) and low BD (d -e -f). 
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